INTRODUCTION
Cancer, which is the uncontrolled growth and proliferation of cells due to mutation of genes which accelerate cell division rates and evade the programmed cell death, is the leading cause of death in the world. Over the past decade, a number of chemotherapeutic drugs with different mechanism of actions and targeting various stages of metastatic cell growth have flooded the pharmaceutical market. Based on their mechanism of action, these drugs can be classified into different classes as alkylating ABSTRACT agents, antimetabolites, antibiotics, nucleoside analogues, antimitotic agents, etc. However, most of these drugs are associated with severe toxicities and are not effective against all types of cancer (1) . Thus, the search for new anticancer drugs and the development of more effective treatment strategies continues to be imperative. The 1,2,4-triazole(4H) derivatives, which are used in this study, play an important role in medicinal chemistry. Although they have been known from long ago to be biologically active, their varied biological features are still of great scientific interest. Their derivatives have a variety of biological properties, such as anti-microbial and anti-inflammatory (2,3), antidepressant (4), antifungal (5), anticonvulsant (6), and antitumor properties (7) (8) . Due to their antitumor effect, 1,2,4-triazole(4H) derivatives are attracting more interest. Until now, there have been only a few computational studies on 1,2,4-triazole(4H) derivatives; also, the protein tar-gets of 1,2,4-triazole(4H) derivatives have not yet received a great deal of attention.
Synthetic strategy of the present study consists in structure modification of 1,2,4-triazole(4H) ring scaffolds modifying it in the positions 1, 2 and 5 with the aim of obtaining more potent pharmacologically active compounds. Several key types of the reactions were generally used us that allowed to obtain 25 new 1,2,4-triazole(4H) derivatives. The synthetic methods used to prepare the highly functionalized 1,2,4-triazole(4H) and related derivatives depicted in Table 1 can be found in previously reported work (9) (10) (11) (12) .
The computer prognosis of biological activity spectrum of all new compound synthesized by program PASS has set that the several substances 1-25 are able to show the inhibitor of cell growth activity (13, 14) . We have selected those substances for further studies. They are shown in Table 1 .
MATERIALS AND METHODS
Molecular docking and antitumor screening of 25 new 1,2,4-triazole(4H) derivatives has been performed. Molecular docking is a key tool in structural molecular biology and computer assisted drug design. The goal of ligand-protein docking is to predict the predominant binding mode(s) of a ligand with a protein of known three-dimensional structure. A large number of targets are under exploration for chemotherapeutic treatments for cancer. NSAIDs inhibited the expression of the anti-apoptotic protein Bcl-X L , resulting in an altered ratio of BAX to Bcl-X L and subsequent mitochondria-mediated cell death. These results establish an unambiguous role for BAX in apoptotic processes in human epithelial cancers and may have implications for cancer chemoprevention strategies. A link between cancer and protein Bcl-X L has already been ascribed, and there is an interest in developing a specific inhibitor as a new ther- apeutic regimen for the cancer (15) (16) . In the present study, docking studies was carried out by taking proteins Bcl-X L (code 1YS1) (code 1BXL) (17) (18) (19) (20) (21) (22) , PPAR receptor (code 1FM6) (23) domain as a targets for anticancer activity. The docking simulations were performed by the SCIGRESS program (24) . Fast docking method, in which receptor is rigid and ligands are flexible, was adopted and binding energy values were compared with each other. All chemical structures were generated using ISIS DRAW 4.0 software. The docking study was performed using Scigress Explorer 7.7 installed in a single machine running on a 3.4 GHz Intel Core 2 Duo Processor with 1GB RAM and 160 GB Hard Disk with Windows XP as the Operating System. Ligand structures 1-25 were drawn on Scigress Explorer using standard bond, lengths and angles. The ligands were stored in .csf format. The protein Bcl-XL and PPAR receptor modeled using the electron crystallographic structure at 3,5Å resolution was downloaded from the RCSB Protein Data Bank (PDB ID: 1YS1, 1BXL and 1FM6 respectively) (www.pdb.org). Water molecules were removed and hydrogen added to crystal structure of protein before docking. After assigning charge and protonation state final refinement (energy minimization) was done using MM3 force field runs. At the end of the docking study, the minimum Consensus score for the best ligand position for each of ligand was obtained. Energy minimization or complex optimization was done for molecular docking calculations and to optimize geometries within the binding site. Complex optimization gave ligands with minimum energy pose within the active site cavity of the protein.
RESULTS
The target protein structures of 1YS1, 1FM6, 1BXL were docked with new 1,2,4-triazole(4H) derivatives which provided excellent results as were seen by the least values of the binding energy in Table 2 .
Results of docking studies have shown that utilization of anilide, phuran, pyrrol, benzyl, phenoxymethyl, phenaminomethyl residue for the structure optimization of 1,2,4-triazole(4H) scaffolds is effective approach in novel antitumor agents design and may be taken as the variant of hybrid pharmacophore approach. Molecule 2 showed better binding energies than the others (highest negative dock score -138.229). It means that it can fit well in the receptor cavity (1YS1) forming energetically most stable drug receptor complex. The best possible binding modes of the 2 at targeted protein's 1YS1active sites are displayed in Fig.1 and Fig.2 . Obtained 25 heterocyclic compounds became an object for study concerning anticancer activity identifying according to the standard National Cancer Institute (NCI) procedure (25) . The prescreening criteria became strict and the procedure of prescreening consists in testing of compounds activity on 60 tumor cell lines in concentration10 -5 M, including lines of leukemia, non-small cell, renal, lung cancer, colon cancer, CNS cancer, melanoma, ovarian cancer, prostate cancer and breast cancer. Using the measurements (time zero, control growth, and test growth) in the presence of drug at the one concentration levels, the percentage growth was calculated. In this assay growth inhibition of 50% -GI50 is obtained. In the screening protocol, each cell line was inoculated and pre-incubated for 24-48 h on a microtiter plate. Test agents were then added at single concentration and the culture was incubated for an additional 48 h. The end point determinations were made with a protein binding dye, sulforhodamine B (SRB). The results for each test agent were reported as the percent growth of the treated cells compared to the untreated control cells. Anticancer activity preliminary screening results for tested compounds at one dose assay (10 −5 M) are shown in Table 3 .
DISCUSSION
When analyzing the in vitro research results it is worth to mention that in the anticancer selectivity rating the most sensitive to 1,2,4-triazole(4H) derivatives and related heterocyclic systems was the line of leukemia, non-small cell lung cancer, and prostate cancer PC-3. Level of selectivity on the cell lines of melanoma, renal cancer and breast cancer are approximately the same. Series of cell lines, such as leukemia lines (CCRF-CEM, HL-60(TB), RPMI-8226, SR, K-562, MOLT-4), non-small cell lung cancer line (HOP-92), renal cancer cell lines (UO-31), prostate cancer (PC-3) and breast cancer line (MCF7) have been found to be the most sensitive to testing compounds. Among tested 1,2,4-triazole(4H) derivatives except highly active 3,8 and 16 selected for the in-depth study, noteworthy is the 8, for which there was observed the selective effect on leukemia and non-small cell lung cancer.
Other compounds tested in one-dose primary assay didn't show any impressive anticancer activity and therefore can't be considered as prospective anticancer agents. In addition, correlation studies between experimental average growth and docking scores with Build QSAR program were conducted (26) . The correlation coefficients of q 2 =0.38, 0.29, 0.20 between experimental and docking scores was obtained. The predictive capacity of these models is bad, taking into account the commonly accepted values for a satisfactory QSAR model, q 2 > 0.500. However, it should be noted that if there is docking function for Bcl-XL-BH3 protein complex in the model, its partial contribution in the PLS model is more essential, than if docking is performed to other biotargets. In consequence of performed studies in silico it can be assumed that the most probable mechanism of anticancer activity of 1,2,4-triazole(4H) derivatives may be binding with the anti-apoptotic protein complex Bcl-XL-BH3.
CONCLUSIONS
Overall, this work illustrated that potential anti-tumor compounds were found among new derivatives 1,2,4-triazole(4H). The anticancer activity showed promising results. Compound 8 was substantially more active than others and requires further study. The studies confirmed compound 8 as potent lead compound for drug discovery and further optimization. The 8 discovered in this study may provide valuable therapeutic intervention for the treatment of cancer disease. The binding pattern can be further used as a tool for the structure-based novel anti-tumor drug design. Molecular docking study is used to clarify the binding mode of the medicinal compound. Taken together in vitro results; our docking results show that there is a positive correlation between the dock scores and the inhibition of protein Bcl-XL receptor.
